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ANEMBRYOLOGICALANALYSIS OFMYRTALES: ITS
DEFINITION ANDCHARACTERISTICS1

HiROSHI TOBE^ ANDPeTER H. RaVEN^

Abstract

A combination of embryological characteristics clearly defines Myrtales as comprising Combre-
taceae, Lythraceae (including Punicaceae and Sonneratiaceae), Melastomataceae, Myrtaceae, Onagra-

"core"ceae, Oliniaceae, Penaeaceae, and Trapaceae, a circumscription that agrees with that of the
Myrtales given by Dahlgren and Thome (1983). The ordinal characteristics are: 1) anther tapetum
glandular, 2) ovule crassinucellate, 3) inner integument 2-layered (except in Syzygium), 4) micropyle
formed by both integuments (except in Syzygium and Trapa\ 5) antipodal cells ephemeral or absent,
6) endosperm formation Nuclear type and 7) seed exalbuminous. Haloragaceae, Lecythidaceae, and
Thymelaeaceae definitely should be excluded from Myrtales on the basis of differences in three or
more of these primary defining characteristics. On the other hand, embryological evidence does not
contradict the possibility of a relatively close relationship between Elatinaceae and Myrtales, even
though an overall consideration of their features seems to make such a relationship seem less hkely.
Embryological evidence indicates a considerable degree of heterogeneity in Rhizophoraceae, a family
or group of families that is clearly not assignable to Myrtales.

Introduction

Lgh

source of evidence for the relationships of an-
giosperms for more than a century, both the te-
dious nature of the processes needed to prepare
materials for embryological study and the diffi-

tales and a few other families that have been

thought to be closely related to this order. Our
primary purpose has been to characterize Myr-

tales embryologically and to chart the main out-

lines of relationship v^ithin the order from an

embryological perspective. As defined by Dahl-

culty of oht^inina
' ^, %T^

^''^ "'^ ^"""
gren and Thorne (1983), the families of core"iL> oi oDtammg samples of key genera have f, ^ i r- \ / r- *

retarded nrnctvoo. *u' x^ • , Mvrtales are: Combretaceae, Crypteroniaceae,^wiuea progress mthis area. Dunne the course ^ \ /-ij- t^- ^c
of the n;»^t ^n 1 !

^
, ^. Lythraceae (mcluding Punicaceae and Sonnera-

iiic past 50 years several authors including / ^ at i * * x^ m
Schnarf (IQ^n M.h^ u - ^tncn^ ^ r^ • tiaceae), Melastomataceae, Myrtaceae, Onagra-

«^i K^yji), Maneshwan (1950), and Davis ^,. . t^ , ^ t
(1966^ hnvA^^ M J 1 / . , ceae, Olmiaceae, Penaeaceae, and Trapaceae. In

»he emCoir^?
accumulated data on

^^ Chrysobalanaceae, Coridaceae, Elaeag-

have berl/'/'"''T'^ n^^eae, Elatinaceae, Haloragaceae, Lecythida-

numbe of othe amhf Th T^'T --^' Rhizophoraceae, Thymelaeaceae, which are

(1964), Dav^^ r ^r^ ,.1;"' n 0^ 7f
"'^ -^^^^^^ ^-"^ ^^^ ^'^'^ ""^ ^^^^^^^^ and Thome

Philip onrmi^^' ^T ^^'l
^^^^^} ^"^

(1983)butare"invariousrespectsconspicuously^^^json (1974), have evaluated the sigmficance
^.^.^^^ ^^ Myrtales," are analyzed from an em-

acte"rs bt'^nlidt^'T
""".

^''^^^^^'^^'l ff^'' bryological point of view in the light of the avail-

onih
^"S^°^Perms. In 1967, a symposium

^as htld^nTf^^-^"'^^''^''^^
°^ angiosperms

^^^ ^^ ^^^^ ^^ ^ g^,^^ ^^ ^^^ ^^.^ appropriate

:)sition. "f
'

includmg discussions of the
^-^^^^^^^^ for future studies of the embryology

We
review to bring together all available literature

of Myrtales.

Methods

gpj^jj^^^^of several critical families. Taken to-

emb^^'
^^^^.'^^^^^^^^e has supported the view that

to
rP'°^°^^'^^l characteristics have a great deal

of h' ^h

^^ ^°"^^^^ of evidence for the systematics
'gner-level groups among the flowering plants. In the course of this review we have analyzed

inf"
^^'^P^P^^' "^e have analyzed the available nearly all of the references cited by Davis (1 966),

onnation concerning the embryology of Myr- as well as the subsequent publications that have
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been available to us. Not all of these publications articles involved as a basic guide to the number

included information that was valuable for eval- of taxa studied earlier. For the number of genera

uating the embryology of Myrtales, and many in a gi ven family, we have used Cronquist( 1981)

had incomplete or inadequate information. For as a reference.

example, since the work of Geerts (1908) it has Despite these difficulties, we hope that our

been understood that Onagraceae have the dis- evaluation ofthe amount of knowledge available

tinctive Oenothera-typ^ embryo sac develop- concerning the embryology of particular families

ment. Earlier references such as those of Hof- will be useful in arriving at a sound understand-

meister (1847, 1858), Vesque (1879a, 1879b), ing ofthe thoroughness ofthe earlier studiesof

Ward(1880), and Guignard (1882) were not able the group and thus help the usefulness ofthe

to explain this type of embryo sac development conclusions drawn for an evaluation of relation-

I

fully owing to the less precise techniques used in

the nineteenth century (Maheshwari, 1948).

Similarly, most other nineteenth-century embry-

ological studies have relatively little to offer for

current evaluations of the relationships of the

families of angiosperms.

In general, only representative genera from in-

dividual families have been examined. The pow-
er of our comparisons between families is de-

rived from the depth and scope of earlier

ships.

Embryological Characters Used

FORAnalysis

The characters that are treated as most im-

portant in making these evaluations are basically

those that Maheshwari ( 1 964), Davis (1 966), and

Falser (1975) have considered "embryological

characters of taxonomic significance." Wehave

elected to use the whole set of characteristics so

investigations. Wehave attempted to take this
, , .r

^_„.„- .- * •- ...M- : J _ 1 .• as to make what we believe to be the mosi ci-

factor into account in utilizing and evaluating

the published information about the embryology

of Myrtales and allied groups as follows:

Level of

knowledge

Total number of

embryological studies

of anthers, ovules,

and seeds of genera

of a given family

(%)
3 X (number of

genera ofthe family)

X 100

fective comparison between families. Conse-

quently, we have added several characters, sucn

as thickness of integuments and presence or ab-

sence of fatty globules in megaspores of embO'^

sacs, to those treated as fundamental by the ai3-

thorsjust mentioned. Specifically, we have dealt

with the following 35 characters:

Anthers:

1 . Number of sporangia per anther: four o

more.

We 2. Type of wall development: Basic, Dic^l

viewed into three parts: namely, that concerning

the anthers, ovules, and seed development. Most
ofthe references we consulted refer to only one

or two of these three major components of em-
bryology. Comprehensive studies of all three

classes of data provide the only sound basis for

evaluating the relationships of genera and fam-

ilies. Even if some information is available, it

may be strictly limited, and may therefore be of

relatively little use. It is very rare, for example,

for an earlier study to describe accurately the

thickness ofthe integuments.

A second problem in utilizing published data

concerning embryology concerns nomenclature.

Names have sometimes changed so often in the Ovules:

yledonous, Monocotyledonous, Reduce

3. Epidermis: persistent or not.

4. Endothecium develops fibrous thicken

ings or not.

5. Middle layers: persistent or not.

6. Tapetum: glandular or amoeboid.
one

8

7. Number of nuclei in a tapetal cell:

two, or more.

Cytokinesis in a microspore mother ce

simultaneous or successive.

9. Shape of microspore tetrads: tetrahedral-

decussate, isobilateral, or otherwise-

10. Number of cells in a mature poUcn: on?

or two.

past that it is difficult to be certain how many
taxa are involved among those studied earlier.

Except for Onagraceae and Pcnacaceae, we have

in general accepted the nomenclature used in the

11. Degree of ovule curvature: anatropoi*

campylotropous, or otherwise,

12. Tenuinuccllate or crassinucellaie.

13. Number of integuments: one or two.

>

*

(
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14. Thickness of integuments: two- or multi-

layered.

15. Presence or absence of vascular tissue in

integuments.

16. Micropyle: formed by inner, outer, or both

integuments.

1 7. Nucellar beak formed or not.

18. Chalaza with hypostase or not.

19. Endothelium formed or not.

20. Archesporium one- or multi-celled.

21. Cytokinesis in a megaspore mother cell:

occurs or not.

22. Shape of megaspore tetrads: linear,

T-shaped, or otherwise,
23. Position of functional megaspore: micro-

pylar or chalazal.

24. Type of megagametophyte development:
Polygonum, Oenothera, Penaea, or other.

25. Fatty globules in megaspores and embryo
sacs present or absent.

26. Characteristics of synergids: hooked, pyr-

27
otherwise

Characteristics of antipodal cells: persis-

tent or ephemeral. Definitions of the term
persistent" and "ephemeraP* were some-

limes vague, so in this work the antipodal
cells that degenerate and disappear before

fertilization are referred to as "ephemer-
al," whereas those that persist up to fer-

tilization and postfertilization are referred
to as "persistent.

28. Number of constituent nuclei or cells in a
n^ature embryo sac: eight (as is usual in
the Polygonum-typc embryo sac), five (due
to early disintegration of three antipodal

Results and Discussion

Our results have been tabulated in order to

facilitate comparisons among families (Tables 1 -

4). Of the families of interest, Crypteroniaceae

(Crypteronia, Axinandra, and Dactylocladus),

Chrysobalanaceae, and Coridaceae are unknown
embryologically. In addition, many unusual and

critical genera such as Alzatea and Rhynchocalyx

(Lythraceae), Strephonema (Combretaceae), and

Psiloxylon and Heteropyxis (Myrtaceae) are also

unknown embryologically. The investigation of

these taxa in relation to the characteristics pre-

sented in Tables 1-4 obviously is a matter of

high priority.

Our embryological analyses, even though they

were in most cases based on inadequate infor-

mation, indicate clearly that many characteris-

tics were consistent within given families (Table

1). Taken as a whole, they have made possible

the definition of Myrtales as including a certain

group of families linked together by their com-

mon possession of a set of shared embryological

characteristics. This set of families agrees with

that proposed as core Myrtales by Dahlgren and

Thome (1983): Combretaceae, Lythraceae (in-

cluding Punicaceae and Sonneratiaceae), Mela-

stomataceae, Myrtaceae, Onagraceae, Olini-

aceae, Penaeaceae, and Trapaceae. The

embryological characteristics commonto this set

of families are:

(1) Tapetum glandular (Table 2; Penaeaceae

and Punicaceae are unknown in this respect).

(2) Ovule crassinucellate (Table 3).

(3) Inner integument two-layered (Table 3).

The only known exception among the core fam-
^iis in the Polygonum-type embryo sac), .j.^^ of Myrtales is Syzygium (Myrtaceae). Both

four (as in the Oenothera-type sac), 1 6 (as
in the Penaea-typG embryo sac), or oth-
erwise.

Seeds:

in its initiation and subsequent early growth, the

inner integument is consistently two-layered in

all members of Myrtales except Syzygium. It

forms a marked contrast with the outer inlegu-

29. Path of pollen tube: porogamous, chala- ment, the thickness ofwhich not only varies from
7nrt-..^ * ^»^.ic- Kilt \x;\t\nh nRn tf^riii^ to hpcomezogamous, or mesogamous
Type of endosoerm formati
<^ellular.

genus to genus but which also tends to become

thicker in the course of development. The anal-

yses of Davis (1966, p. 15) indicated to her that

^1- Presence or absence of endosperm in ma- the number of integuments present should be

ture seed.

Type

otherwise
• Characteristics of suspensor: short mas-

otherwise

treated either as a generic or as a specific char-

acteristic, but for Myrtales it appears to be of

more fundamental significance. It seems clear

that the unitegmic condition of the ovule in Sy-

zygium must have originated secondarily within

^^- Embryo with two equally developed cot- Myrtaceae; the distribution of this feature in the

yJedons or not.

• Polyembryony common or not

family should be studied further

(4) Micropyle formed by both integuments
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Table I . General information and references of the embryology of Myrtalean and non-Myrtalean families

analyzed.

Families

Number
of Genera

Studied

So Far
Level of

Knowledge

Myrtales

1. Combretaceae

(20/400) 10 50%

2. Lythraceae

(23/500) 13 15%

3. Melastomataceae

(200/4,000) 19 3%

4. Myrtaceae

(140/3,000) 29 9%

5. Oliniaceae

(1/8)

6. Onagraceae

(17/675)

1 66%

12 37%

7. Penaeaceae

(7/20)

8. Punicaceae

(1/2)

9. Sonneratiaccae

(2/8)

4 38%

1 33%

2 83%

Selected References

Brewbaker (1967); Fagerlind (1941); Karsten

(1891); Nagaraj (1954a, 1954b, 1954c, 1955);

Pal (1951); Rao (1963); Venkateswarlu

(1952b); Venkateswarlu and Rao (1972).

Brewbaker (1967); Joshi and Venkateswarlu

(1935a, 1935b); Smith and Herr (1971);

Soueges (1925); Tischler (1917); Venkateswar-

lu (1937a); Warming (1878); Mauritzon (1934,

1939).

Brewbaker (1967); Crete (1956, 1957, 1960a,

1960b); Iconomides (1958); Ruys (1925); Sutn

ramanyam (1942, 1944, 1946, 1948, 1951);

Ziegler(1925).

Brewbaker (1967); Davis (1968, 1969); Greco

(1930); Mauritzon (1939); Narayanaswami

and Roy (1960a, 1960b); van der Piji (1934);

Polunina (1957a, 1957b, 1957c, 1958a,

1958b, 1959, 1964); Prakash (1969a, 1969b,

1969c, 1969d, 1973); Roy (1953, 1955, i960,

1961, 1962a, 1962b); Roy and Sahai (1962);

Soueges (1940a); Tiwary and Rao (1934).

Mauritzon (1939).

Beer (1905); Bonnet (1912); Brewbaker ('967);

Gates (1911); Geerls (1908, 1909); Haberland

(1927); Hakansson (1925); Hulbary and Rao

(1959); Ishikawa (1918); Johansen (1928a,

1928b, 1929, 1930a, 1930b, 1931a, 1931b,

1931c, 1933, 1934); Kahn (1942); Lebegue

(1948a, 1948b); Maheshwari and Gupta

(1934); Modilewski (1909); O'Neal (1923);

Pagni (1958); Renner (1914, 1921); Seshava-

taram (1967, 1970); Souses (1920, 1935,

1 946); Subramanyam and Govindu ( 1 948);

Tackholm(1914, 1915).

Stephens (1909).

I

)

Brewbaker ( 1 967); King ( 1 947); Mauritzon (1939^

Joshi (1939); Karsten (1891); Mauritzon (1939)-

Venkateswarlu (1936a, 1936b, 1937b).

\
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Table 1. (Continued).

Families

10. Trapaceae

(1/15)

Non-Myrtales

1 1

.

Elaeagnaceae

(3/50)

12. Elatinaceae

(2/40)

13. Haloragaceae

(8/100)

14. Lecythidaceae

(20/400)

15. Rhizophoraceae

(14/100)

Number
of Genera

Studied

So Far

Level of

Knowledge Selected References

16. Thymelaeaceae

(50/500)

1 100%

1 33%

2 83%

3 38%

7 13%

6 12%

18 17%

Brewbaker (1967); Ghosh (1954); Gibelh and

Ferrero (1891); Ishikawa (1918); Ram(1956);

Trela-Sawicka(1978).

Rau and Sharma (1970); Sharma (1966).

Dathan and Singh (1971); Frisendahl (1927);

Kajale (1939); Lemesle (1929); Raghaven and

Srinivasan (1940).

Bala-Bawa (1969a, 1969b, 1970); Brewbaker

(1967); Kapil (1962); Kapil and Bala-Bawa

(1968); Nagaraj and Nijalingappa (1967a,

1967b, 1974); Nijalingappa (1967); Soueges

(1940b); Stolt (1928).

Brewbaker (1967); Mauritzon (1939); Treub

(1884); Venkateswarlu (1952a).

Brewbaker (1967); Carey (1934); Cook (1907);

Juncosa (1982); Karsten (1891); Mauritzon

(1939).

Brewbaker (1967); Fagerlind (1940); Fuchs

(1938); Guerin (1913, 1915); Kausik (1940);

Mauritzon (1939); Osawa (1913); Sou6ges

(1942); Strasburger (1884); Venkateswarlu

(1945, 1946, 1947a, 1947b); Vesque (1879a,

1879b); Winkler (1904).

linifoliu.(Table
3; except for the unitegmic Syzygium). taceae; Prakash, 1969c), Stenosiphon ^

Recording to Davis (1966, p. 16), in 88 of 1 89 (Onagraceae; Johansen, 1 930b), in which the mi-
amilies of angiosperms the micropyle is formed cropyle is apparently formed by the inner integ-

oy the inner integument alone; in 74 families ument alone, should be regarded as isolated ex-
oth integuments are involved; and in only four ceptions. In some of these instances, the

.^"I'lies is the micropyle formed by the outer formation of the micropyle is probably a sec-

'"tegument. In the other families, the integu- ondary characteristic caused by the spatial con-

"^ental components of the micropyle are con- dition of the ovarian locule (see footnotes 1 5 and
Slant within individual genera but vary from ge- 1 8 in Table 1). In Trapa (Trapaceae) the micro-
""s 10 genus within the family. These results pyle is not formed by integuments owing to the

/^ggest that variation in the participation of the production of an elongated nucellar beak. The
nner and outer integuments in the formation of nucellar beak is evidently a secondary charac
«e micropyle is an important embryological teristic in angiosperms, and thereforcits presence

With systematic significance. With does not hinder the inclusion of Trapaceae in

yrtales, the cases of Guiera senegalensis Myrlales.
^v^ombretaceae; Venkateswarlu & Rao, 1972), (5) Antipodal cells absent or, if present,

""^'^^^fascicularis and D. micropetala (Myr- ephemeral (Table 3). Of the families of Myrtales



Table 2. Embryological data of anthers.

Families

Number
of Anther Wall

Sporangia Development
Anther

Epidermis Endothecium
Middle
Layers Tape turn

Ta petal

Cell

Cytokinesis

in Meiosis

M} nales

I. Combrctaccac

(2a 400)

2. Lythraccae

(23/500)

3. Mclastomataccac

(200/4,000)

4. Myrtaceae

(140/3,000)

5. Oliniaceae

(1/8)

6. Onagraccae

(17/675)

7. Penacaceae

(7/20)

8. Punicaceae

(^^2)

*> Sonncratinccac

4

4

4

4

4

4 or

many**

Basic type ex-

cept in

Guicra sene-

ga! ens is

Dicotyledonous

type^

Basic type

persistent (?)

persistent

persistent or

ephemeral

persistent

I>CrH\Slt.M\l

fibrous

fibrous

fibrous except

in Melasto-

ma and

Oxyspora

fibrous

fibrous (?)

fibrous

fit) rovis

ephemeral glandular

ephemeral glandular

ephemeral ex- glandular

cept in

Melastoma

malabaih-

ricum^

ephemeral glandular

ephemeral glandular

ephemera! glandular

ephemeral felan<lutar

2-nucleate

2-6-nucIeate^

1 -nucleate

2-nucleate,

but 1 -nu-

cleate in

Eucalyptus

melliodora

2-nucIeate (?)

2-nucleate,

but multi-

nucleate in

some

species of

Oenothera

and Fuch-

sia

2-nucleale

simultaneous

simultaneous

simultaneous

simultaneous

simultaneous

Microspore Mature Pollen

Tetrad Grain

letrahedral or

isobiiatcral

letrahedral or

isobilateral^

tetrahedral

letrahedral or

decussate

tetrahedral,

isobilateral

or decussate

2-cc!led

2-ceIIed

3-ceIlcd

2-celled

2-ceUed

2-celled

2-ceUecl

as

>

>
r

O

X
m
2
t/2

O
C
1^

CO

O
>

n
>
r

>

D



T Ktu I 2. (Continued).

Fajiiilies

!0. Trapaccae

(M5)

Non-\fyriales

1 1. Elaeagnaceae

(3/50)

12. Elatinaceae

(2/40)

13. Haloragaceae

(8/100)

14. Lecyihidaceac

(20. 400)

15. Rhi/ophoraceae

(14 100)

16. Th>mclaeacrtc

(50/500)

Number
of Anther Wall

Sporangia Development
Anther

Epidermis Endothccium
Middle
Layers

4

4

4

4

4

Basic type

Monocoty

ledonous

type

Monocoiy-

ledunous

or Basic type

persistent

persistent

persistent

persistent

fibrous

fibrous

fibrous

fibrous

fibrous

fibrous

ephemeral

ephemeral

ephemeral

ephemeral

ephemeral

ephemera!

Tapetum
Tapetal

Cell

glandular

glandular

glandular

glandular

amoeboid

glandular

multi-nu-

cleate

2-4-nucleate

2-nucleate in

Bergia but

2-4-nu-

clcate in

Elatine

1-5 -nucleate

2-nucleate

2-nucleate,

but 2-6-nu

cleate in

W'ikstroe-

niia

Cytokinesis

in Meiosis

Microspore Mature Pollen

Tetrad Grain

simultaneous

simultaneous

simultaneous

simultaneous

tetrahedral or

decussate

tetrahedral or

decussate

tetrahedral or

isobilateral

tetrahedral or

decussate

tetrahedral or

isobilateral

2-cellcd

3-celled

2-celled in

Bergia, but

3-celled in

Elatine

3-ccllcd

2-celled or

3-celled

2-celled

3-celled

* Pal (1951) reported the ihrfc-celled condition in Tcrniinalia catappa, the only report which described this condition in Combretaceae. Other papers on Tennlnalia catappa

(Nagaraj, 1954c-, Venkatcswarlu & Rao, 1972) and on other species of Tcrminalia (Nagaraj, 1954a; Venkatcswarlu & Rao, 1972; Brewbaker, 1967) reported only the two-celled
i - .

2 Based only on Ammannia baccifera (Joshi *L Venkatcswarlu, 1936).

* AccordinE to Subramanyani (1948), five to seven middle layers arc formed in Mclastoma melabathricum, the upper two or three persisting and the remainder ultimately

^^^^
fcalvlophus Clarkia, Gaura, liauva, Ilcterogaura. and \\\o species o^ Ludmgia have polysporangiate anthers in which microsporogenous tissue is dL\ ided by sterile septa

into many distinct packets (Raven, 1969; Eyde. 1978).
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Table 3, pan A. Embryological data of ovules. Abbreviations: i.i., inner integument; o.i., outer integument. See Table 3, part B, beginning on page 80,

for additional characters; see page 82 for footnotes. ex

Number of Thickness of Vasculature of In- Micropyle Nucellar
Families Curvature' Nature of Nucellus Integuments Integuments^ teguments Formation Beak Hypostase

Myrtales
\

I. Combretaceac

(20/400) anatropous crassinucellate 2 i.i. 2-layered; o.i.

2-layered in

most genera

but 3-layered

in lerminalia

and Bucida

absent i.i. and o.i. but

only i.i. in

Guiera sene-

ga I ens is

not formed present in

some gen-

era

2. Lythraceae

(23/500) anatropous crassmucellate^ 2 i.i. 2-layered; o.i.

2-Iayered in most

genera but 5-lay-

ered in Cuphea

absent i.i. and o.i. not formed absent

except in

Ammannla

3. Melastomataccae

(200/4,000) anatropous, or

campylo-

crassinucellate 2 i.i. 2-Iayered; o.i.

2-3-Iayered

absent i.i. and o.i. not formed absent

tropous

(Memecylon)

4. Myrtaceae

(140/3,000) anatropous crassinucellate 2, but

only I

in

Syzygium**

i.i. 2-layered; o.i.

2-laycred in most

genera but 2-4-

layered in several

genera

present in the

single integu-

ment in Syzy-

gium

i.i. and o.i. with a not formed

few exceptions'^

5. Oliniaceae

campylotropous crassinucellate 2

6. Onagraceae

(17/675)

1.1. 2-layered; o.i.

4- layered

present in o.i i.i. and o.i not formed

anatropous crassinucellate 2 i.i. 2-layered; o.i.

2- or multi-lay-

ered

absent i.i. and o.i., but not formed
1.1. in

7. Pcnaeaceae

(7/20)

Stenosiphon^^

anatropous crassinucellate 2

8. Punicaccae

i.i. 2-layered; o.i.

2-layered

absent i.i. and o.i. not formed

anaiTopous crassmuccUate i.i. 2-layered; o.i

4-\aycrcti
absent i.i. and o.i. not formed

present in

some gen-

era

absent

present in

most genera

absent
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Taull 3, part A, continued from page 78. Embryological data of ovules. Abbreviations; i.i,, inner integument; o.i., outer integument. See Table 3, part

B, beginning on page 80, for additionai characters; see page 82 for footnotes.

K^

Families

9, Sonneratiaceae

(2 ^8)

W. Trapaceae

(1/15)

Non~Myriaies

11. Elaeagnaceae

(3/50)

12. Elatinaceae

(2/40)

13. Haloragaceae

(8/100)

14. Lecylhidaceae

(20/400)

15. Rhi/ophoraceac

(14/100)

16. Thymelaeaceac

(50/500)

Curvature I

anatropous

anatropous

anatropous

anatropous

anatropous

anatropous

anatropous

anatropous

Number of

Nature of NucelJus Integuments

Thickness of

Integuments^

crassinucellate

crassinucellate

crassinucellate

crassinucellate

crassinucellate

tenuinucellate

crassinucellate

crassinucellate

2

2

2

2

2

2

2

2

i.i. 2-layered; o.i

2-layered

i.i. 2-layered; o.i

5-14-layered

i.i. 2-layered; o.i.

2-layered

1.1. 2-layered; o.i.

2-layered

Vasculature of In-

teguments

Micropyle

Formation
Nucellar

Beak

absent i.i. and o.i.

absent not formed

absent i.i. and o.i.

absent 1.1. and o.i.

i.i. multi-layered;

o.i. multi-layered

present in o.i.
4 #

i.i

P

1.1. massive; o.i

massive

present in o.i. in i.i. and o.i. in

some genera Brugiiiera and

RhizQphora\

only i.i. in Gyno
troches; not

formed in Aniso

phyllea (?)

not formed

formed

not formed

not formed

not formed

not formed

Hypostase

formed in Aniso

phyllea

1,1. 3—4-layered; o.i. absent

3-4- layered

t.i not formed

absent

present

present

absent

present

absent

present in

many
species
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Table 3, part B. Embrjological data of ovules. Abbreviations: i.i., inner integument; o.i., outer integument. Sec Table 3, part A, beginning on page 78.

for additional characters; see page 82 for footnotes.

(7/20) not formed 1 -celled does not decussate'^ all 4 nuclei Penaea

type

absent absent 16

occur

8. Punicaceae

(1/2) not formed 1 -celled occurs linear chalazal cell Polygonum absent

type

elongated ephemeral 5

9. Sonneratiaceae

(2/8) not formed multi-celled; occurs

only one
functions

linear chalazal cell Polygonum
type

^ -±^ ^L^^rj*- -« Li4 ri

present in

Sonneratia

but absent
in r>uaban

hooked ephemeral 5

00

Pattern of Fatty Globules

Embryo in Megaspores Number of Nuclei

Cytokinesis Megaspore Functional Sac and Embryo mMature

Families Endothelium Archesporium^ ' in Meiosis Tetrad'* Megaspore' Formation Sacs Synergids Antipodal Cells Embryo Sac

Mvr tales
r

1. Conibrelaceae

(20/400) not formed 1 -celled^ occurs linear chalazal cell Polygonum

type^

absent hooked and

pyrifoim

ephemeral,

persistent

but

in

5, ,
but 8 or more

in Guiera se-

Guiera Sene- negalensis

gal ens is >

2, Lythraceae
1

INAL!

(23/500) not formed multi-celled; occurs linear chalazal cell Polygonum absent hooked ephemeral 5

only one type o
functions

3. Melastomalaceae X
(200/4,000) not formed I -celled occurs linear chalazal cell Polygonum absent hooked ephemeral 5

EMIStype

4. Myrtaceae C/3n
(140/3,000) not

formed"

I -celled occurs linear chalazal cell Polygonum

type

absent, but

present in

Psidium

guaja va

diverse in form ephemeral 5
URI

EOT

A
5. Oliniaceae 2

(1/8) not formed 1 -celled occurs linear chalazal cell Polygonum absent — ephemeral 5 >
rtype

6. Onagraceae o
(17/675) not formed 1 -celled occurs linear micropylar Oenothera absent filiform absent 4

lRDEN

cell type

<
o



Table 3, pan B, continued from page 80. EmbryologicaJ data of ovules. Abbreviations: i.i., inner integument; o.i., outer integument. See Table 3, part

A, beginning on page 79, for additional characters; see page 82 for foolnoles.

Fani flies

Cytokinesis Megaspore
Endothelium Archcsporium^ in Meiosis Tetrad'*

Functional

Megaspore^

Pattern of

Embryo
Sac

Formation

Fatty Globules

in Megaspores
and Embryo

Sacs Synergids

Number of Nuclei

in Mature
Antipodal Cells Embryo Sac

10. Trapaceae

(1/15) not formed 1-2-ceIIed

Non-Myrtales

1 1. Elaeagnaceae

Car all ia,

Gyno-

troches.

Bruguiera

and Cas~

si pour ca

16. Thymclacaceac

(50/500) not formed 1 -celled

occurs

(3/50) ^*-' 1-3-ccIIed occurs

12. Elatinaceae

(2/40) not formed multi-celled;

only one

functions

occurs

13. Haloragaccae

(8/100) not formed 1 -celled occurs

14. Lecylhidaceae

(20/400) formed in

many
species'"

multi-celled;

only one

functions

occurs

15. Rhizophoraceae

(14/100) formed in 1 -celled occurs

occurs

linear

linear

linear or

T-shaped

linear

linear

linear

linear

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

chalazal cell Polygonum absent

type

pyriform

hooked and

pyriform in

Bergia am-
manioidcs

hooked and

pyriform

pyriform

pyriform

hooked, rarely

filiform

(Daphne can-

nabina)

ephemeral

ephemeral

ephemeral

persistent

ephemeral

ephemeral in

Ceriops but

persistent in

Gynotroches

persistent; cells

usually ampli-

fy (up to as

many as 30 in

Thymclaca

arvensis)

5

5

8

8

5

5 or 8

8 or more

UJ
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>
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>
r
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Table 3, parts A & B, concluded. Footnotes.
00
1^

ovules have never

the subhypodermal cells

' Predominant or usual condition.

2 Based on the original thickness of integuments seen at the initiation and early growing stage.

^ Predominant or usual condition.
'* Predominant or usual condition.

^ Predominant or usual condition.

^ Venkateswarlu (1952) described that a multi-celled archesporium was common in Poivrca coccinca (= Comhrctum cnrdnra), and Nagaraj (1 954c. !955)

also reported the common occurrence of a multi-celled archesporium in Terminalia catappa and T. hclcrica. Therefore, Davis (1966, p. 87) dcscabcd thai

"commonly several archesporial cells differentiate" in Combretaceac. In contrast, other more recent papers by Rao (1963) and by Venkateswarlu and Rao

(1972), the latter of which dealt with 1 8 species in 9 genera (including Terminalia and Cotuhrctum\ made it clear that the (Hie-celled archesporium is common

and the multi-celled one (i.e., consisting of two or more cells) is rare.

^ Mauriizon (1939) reported the 16-nuclcate Pcnaca-Xy^c embryo sac in two species o^Combretum, C. paniculafum and C. pinrinnum. These re<;nlis need

to be reconfirmed because other authors have reported only Polygonuni-Xypc embryo sacs in Comhretum. Variation in female ^aiuctophytc formation h known

in some genera, however (see Hjelmquist, 1964), for review.

^ Smith and Herr (1971, p. 198), contrary to many other authors, stated that "the nucellus oi Ammannia coccinca was tcnuinuccllatc." But lcnuinucc!late

been reported in other species oTAmmania nor in other Lythraccae. The drawings of sections of ovules (Smith & lierr, 1971, p. 167, Figs.

4 and 5) which they intended to document the existence of tenuinuccllatc condition of this species indicate rather that ihcir maierial was clearly crassinucellaie;

that they identified with the archesporial cells are evidently megaspore mother cells cut off from the actual aivhespurial cells.

^ Besides the species of Syzygium, Eugenia paniculata (Mauriizon. 1939), EJumbos (Pijl 1934), E, malacccn\i\ (Pijl 1934; Roy, I960), E.frutico5a(Rn\\

1961) and E. myrtifotia (Roy, 1962b) are reported to have a unitcgmic ovule. But all of these Eugenia are assigned to Syzygium (scnsu Schmid, 1 972): avoiding

to Schmid (pers. comm.), Eugenia paniculata is assigned to Syzygium paniculatum Gncrtner, Eugenia jambos to Syzygium jambo^ (L.) ANton, Eugenia

malaccensis to Syzygium malaccense (L.) Merr. 8l Perry, Eugenia fruticosa to Syzygium fruticosum DC, and Eugenia myrtifolia Id Syzygium mynifulium

(Roxb.) DC. On the other hand, Eugenia bracteata, which should remain in Eugenia sens. str. sensu Schmid, has a bitcgmic ovule (Roy, 1955).

'0 Mauritzon (1939, p. 110) states that "it appears that it is not unusual in the Myrtaccae for the micropylc to be formed entirely or mainly by the inner

integument." In fact, Darwiniafascicu/aris and D. micropetala have the micropyle formed by the inner integument ah^ne (Prakash, 1969r). whereas Danunia
taxifolia has one formed by both integuments (Mauritzon, 1939). Thus there is variation even within the genus Darwinia in the paiiicipaliun orintcguuKiUs

in the formation of the micropyle. The secondary growth of the inner integument combined with the suppression of growth of the outer inlcgunicnl bcca

of the limited space available within the ovarian locule may result in the formation of the micropyle by the inner integument only. In both species of Darwinia

that have the micropyle formed by the inner integument only, the inner integument develops into "collar-like lips** (Prnkash, 1969c). a condition thni clearly

seems to be secondary.
** Endothelium has not been reported in references, but in Leptospermum, Kuntzea, Agonis, CaUistenwn. and Melaleuca, the upix?r part of the nuccMuf

tends to be destroyed by the growth of the embryo sac, a feature that would normally accompany the development of an endothelium. In Melaleuca particularly.

the mature embryo sac borders directly on the inner integument (Mauritzon, 1939).
'^ In Stenosiphon Unifolius the micropyle is formed by the extremely elongated ''beak-Iikc process** of the inner integument (Johansen, 1 930b) a characterislic

that seems to be secondary in the family.
*^ Cell walls are absent, but four megaspore nuclei are arranged in such a way that one lies at the top, one lies at the bottom, and the other two lie at the

sides. The decussate arrangement is acquired by oblique divisions of the micropylar nucleus and of the chaln/al nucleus that were formed by mcinsis I, and
not by a combination of vertical and transverse divisions.

^^ According to Mauritzon (1939), an endothelium (called a "mantle layer" by him) is formed in Couroupila guianensi:>, Careya atborea, and liarringionia

speciosa but not in other species of Barring! onia nor in Gustavia angusta. Venkateswarlu (1952) reported its occurrence botli in Nupolcona impenali:, and in

Barringtonia acutangula. The absence of an endothelium in some species of Barringtonia and Gustavia should be reconfu nicd, because the presence of
endothcAmm is otherwise a family characteristic of Lxcythidaceae (Davis, 1966, p. 16). Probably Mauritzon*s observations had uul extended lo old enough
stages of ovule development to olDScrve the endothelium and it is likely that it is present in all members of Lecylhidaceae. P
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mentioned above, all except Onagraceae and family (Dahlgren & Thorne, 1983). Sonneratia
Penaeaceae consistently have ephemeral anti- and Duabanga differ in that the former consis-
podal cells that degenerate and disappear before tently has fatty globules in its megaspores and
fertilization. In these families, therefore, the ma- embryo sacs whereas these are lacking in Dim-
ture embryo sac comprises only five nuclei or banga (Karsten, 1891; Venkateswarlu, 1937b;
cells: an egg; two synergids; and two polar nuclei, Mauritzon, 1 939). This accords with certain oth-
which may fuse into a secondary nucleus before er lines of evidence in suggesting that these gen-

suggests era may not be directly related to one another.
Myrtales the antipodal cells are unnecessary in Pw/i/c^ differs from other Lythraceae in having

embry a uni-celled archesporium, and a thick muhi-
the antipodal cells of Gw/era6'e/7^^a/6'A25/5 (Com- layered outer integument. Nonetheless, it is in-

bretaceae) persist into the postfertilization phase, eluded in Lythraceae by Dahlgren and Thorne
a feature that is regarded as unique for Combre- (1983). Further embryological studies on Punka
taceae (Venkateswarlu & Rao, 1972). In Ona- are clearly needed.
graceae and Penaeaceae, antipodal cells are ab- Although many of the embryological charac-

through teristics of Penaeaceae are unknown, those that
mthe 16-nucleate Penaea-typc embryo sac, one have been investigated clearly warrant inclusion
might regard the three chalazal cells as corre- ofthisunusualSouth African family in Myrtales.
spending to the antipodal cells. Stephens (1909) The only distinctive feature among those that
mentioned, however, that these three chalazal have been reported is the characteristic 16-nu-

cleate Penaea-type embryo sac. This type of em-egg
c osely. In fact, the three chalazal cells are pro- bryo sac development is characterized by the fact

uced in the same way as the three cells of a true that meiosis in the megaspore mother cell is not
nucropylar egg apparatus, but from a different accompanied by cytokinesis. Following meiosis,
megaspore nucleus. all four of the decussately arranged megaspore

4).

(6) Nuclear-type endosperm formation (Table nuclei function, each dividing twice to produce

four nuclei or cells. The quartet associated with

the true micropylar egg apparatus is always de-

rived from the micropylar megaspore nucleus

(Stephens, 1909). In both the frequency of di-

Taken together, these features characterize the vision of the megaspore nucleus and the origin
^ore Myrtales group defined by Dahlgren and of the egg apparatus, the Penaea-iypc embryo

sac development resembles the Oenothera-Xypc

(7) Exalbuminous seed (Table 4).

Core Myrtales

With
ceae are further characterized (except for Punka) of embryo sac development that is characteristic

> having a multi-celled archesporium in the of Onagraceae, discussed below (see also Ma-
p^ule, a feature that is not common elsewhere heshwari, 1948).

!."_
^^^^^' Although this characteristic has in Melastomataceae exhibit a distinctive embry-

ological feature that is unknown elsewhere in the

order, uni-nucleate anther lapctum cells in place

of the bi- or multi-nucleate ones characteristic

of other families of Myrtales. In addition, Me-

lastomataceae are the only family of Myrtales in

which the endothecium sometimes develops fi-

brous thickenings. Another distinctive feature

that has been claimed for Melastomataceae is

three-celled mature pollen, in place of the two-

celled mature pollen characteristic of all other

families of Myrtales. A careful review of the few

g<^ncral received less attention than other em-

^

Oological features, it does appear to have some
a ue at least in particular cases. Thus, Vijayara-

gnavan (1970) adopted it as one of the bases for

^xclusion of Paeon ia from Ranunculaceae.

Qo^'^'^^y^^
and Duabanga, usually taken as

nstituting a separate family Sonneratiaceae,

c^rd^'^^
^^her Lythraceae in having a multi-

oth
^^^^^^P^^^^^ni- Embryologists as well as

fral
^ ^^"^^"^^ of plant systematics have in gen-
argued for a close relationship among these

I936b^
^-^oshi, 1939; Venkateswarlu, 1936a, published reports, however, has indicated that

vajj
' '^-^^b). In agreement with these obser-

atur°"V"'^
analysis of the cmbr> ological liter- ..«.. ^ .

,1^

^"^'s no basis for distinguishing between in prep.)- In this connection, it seems to be worth-
*^"i- and supports their inclusion in a single while to note the fact that the pollen cell con-

Melastomataceae, like all other core Myrtales,

have two-celled mature pollen (Tobe & Haven,



Table 4. Embryological data of seeds.

Families

Myrialcs

1. Combrctaceae

(20/400)

Path of

Pollen Tube

porogamous

Endosperm
Formation

Nuclear type

Endosperm in

Mature Seed Embryogeny

absent Asterad type

Suspensor

short and small

Embryo

2 cotyledons with

same size

Polyembryony

rare

4^

2. Lythraceae

(23/500)

3. Mclastomataceae

(200/4,000)

4. Myrtaceae

(140/3,000)

5. Oliniaceae

(1/8)

6. Onagraceae

(17/675)

7. Pcnacaceae

(7/20)

8. Punicaceae

(2/8)

9. Sonneraliaceae

(2/8)

10. Trapaceae

(1/15)

porogamous

porogamous

porogamous

porogamous

porogamous

porogamous

porogamous

Nuclear type

Nuclear type

Nuclear type
y

Nuclear type

Nuclear type

Nuclear type

Nuclear type

Nuclear type

Nuclear type

absent I

absent

absent

absent

absent

absent

absent

Onagrad type

Onagrad type

Onagrad type

Onagrad type

Asterad type

Onagrad type

Solanad type

short and small I

short and mas-

sive

short and small,

or absent

short and small

absent

short and small

long, coiled,

haustorial; the

upper part

forming collar

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

extremely differ-

ent size

absent

occasional

usual in Sy-

zygium

rare

absent

absent

>
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Table 4. (Continued).

Families

12. Elatinaceae

(2/40)

13. Haloragaceae

(8/100)

14. Lecythidaceae

(20/400)

15. Rhizophoraccae

(14/100)

16. Thymelaeaceae

(50/500)

Path of
Pollen Tube

Non-Myrtales

1 1 . Elaeagnaceae

(3/50)

porogamous

porogamous

Endosperm
Formation

Endosperm in

Mature Seed Embryogeny

Nuclear type

Nuclear type

Nuclear type in

Laurembergia

but Cellular

type in Halora-

gis and

Myriophyllum^

Nuclear type

Nuclear type

porogamous Nuclear type

absent

present

present

present

present^

Asterad type

Solanad type

Caryophyllad

type

Asterad type

Suspensor Embryo

short and mas-

sive

short and small

2-celled, en-

larged, hauslo-

rial

short and mas-

sive in Bar-

ringlonia vrie-

sei

short and mas-

sive, or long

short and small,

or absent

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

2 cotyledons with

same size

Polycmbryony

absent

absent

absent

rare

rare

' Based only on Dimbanga sonncratioides (Venkateswarlu, 1937b).

2 Even in the Nuclear type, cell wall formation commences as early as the 8-nucleate stage (Bala-Bawa, 1 969a; Nagaraj & Nijalingappa, 1 974), a phenomenon
that demonstrates a strong tendency towards the Cellular type.

^ According to Guerin (1915), in Thymelaeacea*- -leecls that completely lack endosperm are rather exceptional. Even in the species of P/^^^/r/Vi^ which nearly

lack endosperm, two- to five-layered endosperm tissue was present on the surface of the cotyledons in the mature seed.
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dition is highly consistent in the order (cf. Brew- be related to the aquatic habitat of the family

baker, 1967). The pollen cell condition of but this suggestion needs further evaluation.

Melastomataceae should be studied further. Other embryological characteristics of this

Although little is known about the embryology monogeneric family include the thick, nonvascu-

of Oliniaceae, what is known clearly supports larized outer integument and the multinucleate ^

their inclusion within Myrtales, as do their other anther tapetal cells. The embryological charac-

features (Rao & Dahlgren, 1969). The only known teristics of Trapaceae do not support a direct
^

distinctive feature is the thick, vascularized outer relationship either with Onagraceae (a family in

integument. Closer comparisons with Melasto- which Trapaceae were formerly included) or with
4

mataceae ought to be made when more infor- Lythraceae(contrary to the views of Miki, 1959). >
till UV\-U\^ V,^^-'** *-* "-^ J *'^-' 1-1 1\^ ifAK^TT^v^i iT***---^ ^ . - , ^.

Myrtaceae, like Combretaceae, have fewdis-
|

erally (Bouman, 1977), and it probably will be

almost certainly be secondary. The persistence

of antipodal cells, which multiply after fertiliza-

tion,

represent an ancestral form of outer integum^

in Myrtaceae, as suggested by its thickness a

seems clearly to be secondary, and it ap- possession of a vascular supply. Regardless

pears logical to consider the lack of participation the exact method of derivation however it ^P

of the outer integument in the formation of the pears virtually certain that unitegmy in Sy:^}y

micropyle secondary also. um has been derived from bitegmy within M)

From an embryological point of view, Tra- taceae because the genus is not otherw^

remarkable within the family. The distribution

of unitegmy in Myrtaceae should be investiga

un-

paceae are the most distinctive family included

in Myrtales. A long nucellar beak is formed in

Trapa as a result of an extension of the apex of further.

the nucellus. The formation of this beak evi- Onagraceae are characterized by their disti^^

dently precludes direct participation of the in-

teguments in the formation of the micropyle. A
second very distinctive feature of Trapa is the

long, coiled haustorial suspensor, the upper part

of which forms a collar supporting the embryo
proper. A third distinctive feature is the asym-

tive 4 -nucleate Oenothera-typc embr>'0 sac,

known elsewhere in angiosperms- This fa^ -

has been considered to have a close relations
^

to Lythraceae, and several embryologists sue

Tischler (1917), Mauritzon ( 1 934), and Joshi an

^

Venkateswarlu (1936) considered that the w.

metrical embryo, which has two very unequal thraceous embryo sac with ephemeral antip<^

cotyledons. Some or all of these features might cells forms phylogenetically an intermediate stag

I

mation is available, following the suggestions of

Rao and Dahlgren (1969); the comparisons with tinctive features that discriminate them from

Thymelaeaceae and Rubiaceae suggested by these other Myrtales. Syzygium is unique in the order

authors cannot be taken as indications of genuine in its unitegmic ovules. Doubtless this represents

relationship in view of the embryological and a derived feature as it does in angiosperms gen-

other features of Olinia.

Combretaceae have been studied as exten- found in other genera when the family is better

sively from an embryological point of view as known embryologically. Mauritzon (1939, P-

any family of Myrtales. Gi//>ra differs in several 102-103) stated that in "'Eugenia paniculate

respects from the other members of the family {=Syzygium paniculatum) "two two-layered in-

and indeed stands out within Myrtales, but in teguments have fused together to form a single

general, Combretaceae agree closely in their em- integument of four layers."" Unitegmy could also

bryological features with other Myrtales. Guiera be derived by the loss of one of the two integu-

differs from all other Myrtales in having persis- ments. A third way in which unitegmy could W

tent antipodal cells and a micropyle formed by derived has recently been suggested by Bouman

the inner integument only (Venkateswarlu & Rao, (1977) and Bouman and Schier (1979). These

1972). Based on these features, Venkateswarlu authors have concluded that both in Ranuncu-
j

and Rao (1972), taking into account also evi- laceae and in Gentianaceae unitegmy has ongi-

dence from floral morphology and anatomy, pro- nated following a complicated process involvi i

posed the establishment of a unigeneric tribe, the fusion of the primordia that has led to

Guiereae, for Guiera. In its overall features, how- shifting of the inner integument and an arrest

ever, Guiera clearly fits into the subtribe Com- development of it subsequently. If unitegmy n

bretinae together with Combretum and other originated in this way in ^yzy^/wm, a major pa

genera (Stace, 1965; Exell & Stace, 1966, 1972), of its single integument would be composed o \

so that its unusual embryological attributes must the outer integument. This integument might tne
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between the 4-nucleate embryo sac of Onagra- aptationofHaloragaceaetoamoreorlessaquat-
ceae and the normal 8-nucleate embryo sac. In ic habitat. In this connection it may be noted
fact, ephemeral antipodal cells are common to that Trapaceae, which are also strictly aquatic,

most members of the order Myrtales, and the also have a very distinctive type of haustorial

condition in Lythraceae cannot, therefore, be suspensor. Taken together, these embryological
taken as indicative of a direct relationship be- features virtually exclude the possibility of any
tween this family and Onagraceae. The Onagrad- direct relationship of Haloragaceae with Myr-
type embryogeny common to both families oc- tales.

curs in Myrtaceae and Melastomataceae as well. Insufficient information concerning Rhizo-
Thus none of the embryological attributes of On- phoraceae (including Anisophylleaceae) is avail-

agraceae suggests a particular relationship either able to characterize the family or its constituent
to Lythraceae or to any other family. Embryo- parts. Notwithstanding this, in their massive in-

logically, the relationship between the 4-nucleate ner integument and albuminous seeds, Rhizo-

WTO/Z^era-typeofembryo sac in Onagraceae and phoraceae differ sharply from Myrtales. The
the 16-nucleate Penaea-Xype embryo sac in Pen- available embryological information indicates a
aeaceae appears to be of more interest, and per- considerable heterogeneity within the family and
haps more suggestive of a direct relationship, might be taken to support the contention that it

These types of embryo sac development resem- should be divided into two or more families,

Lght
ble one another in that antipodal cells are not
formed at all during megagametogenesis and also
in that the micropylar megaspore nucleus in both micropyle is formed by both integuments (Cook,
families divides only twice to form an egg ap-

Brugu

1907; Carey, Mauritzon, 1939), and in

Maheshwari 1948). Although Gynotroches (Gynotrocheae) it is formed by the
these similarities may have originated as a result inner integument alone (Mauritzon, 1939). In
of convergent evolution, they do at least indicate Anisophyllea (Anisophylleeae) the extension of
Aat the loss of the antipodal cells by omission the nucellar apical tissue (? = nucellar beak) pre-
oflhe third nuclear division in megagametogene- vents the formation of the micropyle by integ-
sis has occurred twice in Myrtales, since Pen- uments (Karsten, 1891). Furthermore, an en-
aeaceae and Onagraceae are manifestly not re-
lated directly to one another. At present, we
suggest that ephemeral antipodal cells constitute
^ Pnmitive condition in

»rm

Mauritzon

(Macarisieae

1 Myrtales that
^nt m the common ancestor.

Evaluation of Other Families

Bruguiera (Rhizophoreae; Mauritzon, 1939) but

not in the other genera. The antipodal cells are

ephemeral in Ceriops and Bruguiera (Rhizopho-

reae) but persistent in Gynotroches (Gynotro-

?5, and Bruguiera (Rhizophoreae; Carey,

Mauritzon, 1939), but probably not in the

other tribes. The endothelium and the nature of

Among the families that have been thought to cheae; Karsten, 1891; Mauritzon, 1939). The

^ related to or possibly included within Myr- outer integument is vascularized in Rhizophora.
^'es, we shall discuss first Haloragaceae. Hal-
^^ragaceae share with the core Myrtales the

owmg features: glandular tapetum; crassinu-
^J^ate ovule; 2-layered inner integument; and the integuments that form the micropyle appear

"^^cropyie formed by both integuments. Halor- to be characteristic of Rhizophoraceae at the

^eaceae differ fundamentally from Myrtales, family level (Davis, 1966). Those members of

^^ever, in having (1) persistent antipodal cells; Rhizophoraceae with persistent antipodal cells

f^

^^^^^^ Cellular- or Nuclear-type endosperm differ from Myrtales in this respect^ Further de-

in H
7^*^" (Nuclear-type endosperm formation

the
p^,^^^^^^^^ ^hen present closely resembles

hnrJ ^^^^'^yP^ endosperm formation); (3) al-
^^^^nunous seeds. In

tailed study on the embryology of the various

genera of Rhizophoraceae should be valuable in

evaluating the apparent heterogeneity of this

addition, Haloragaceae differ family.

JJi
core Myrtales in exhibiting the Monocot- Thymelaeaceae differ from Myrtales in pos-

nous^type of anther wall formation; Gary- sessing (1) a thick, 3- to 4-layered inner iniegu-

ment; (2) micropyle formed by the inner mleg-OPhvllaH
—xi^i wan luiiiiaiiuii, ^«x^

'arged h
embryogeny; and a 2-celled, en-

w_- haustorial suspensor. This type of- »^u..unai suspensor. This type of ument alone; (3) persistent antipodal cells that

'"^^^nal suspensor may be related to the ad- often multiply; and (4) albuminous seeds. Em-
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bryologically, these differences are decisive in crassinucellate ovule; ephemeral antipodal cells;

ruling out any direct relationship between Nuclear-type endosperm formation; and exal-

Myrtales buminous seeds. The embryology of Elaeagna-

Lecythidaceae have many distinctive features ceae should be studied in more detail and the

embryologically. They are: (1) an amoeboid an- possibility of a relationship of this family with

ther tapetum; (2) tenuinucellate ovule; (3) a thick, Myrtales should be evaluated further in the light

multi-layered inner integument; and (4) micro- of this information.

pyle formed by the inner integument alone. In In summary, Myrtales are clearly circum

addition, the family is characterized by having scribed by embryological evidence to include

an endothelium (Mauritzon, 1939). This com- Combretaceae, Lythraceae (including Punica-

bination of features seems decisive in precluding ceae and Sonneratiaceae), Melastomataceae.

any direct relationship between Lecythidaceae Myrtaceae, Onagraceae, Oliniaceae, Penaeaceae.

and Myrtales. and Trapaceae. Wefurther suggest that the pos

Although its two constituent genera differ in sibility of a direct relationship between Elatina

several respects, Elatinaceae agree with Myrtales ceae and Myrtales is supported by embryologica

in many embryological features. Among them data and should be investigated further from a

are the glandular anther tapetum; crassinucellate number of other points of view.

ovule; a 2-layered inner integument; a micropyle Within Myrtales, the large families Myrtacea

formed by both integuments; ephemeral anti- and Combretaceae seem not to be distinctive and

podal cells; and Nuclear-type endosperm for- to agree with the generalized characteristics of

malion. The only known embryological differ- the order in their embryological features L.a

Myrtales thraceae (including Punicaceae and Sonnerati-

the albuminous seeds of Elatinaceae compared aceae) seem to form another relatively general-

with the exalbuminous seeds of Myrtales. Fri- ized group within the order, standing apaft

sendahl (1927) observed a one-layered endo-
r%

sperm in ripe seeds of Elatine spp. Dathan and
Singh (1971) observed a three- to five-layered

somewhat from Myrtaceae and Combretaceaei^

their multi-celled archesporium. This multi-cell^

archesporium might be taken either as a secono-

cndosperm in mature seeds of both Bergia odor- ary or as a primary characteristic, and its nature

ata and B. ammanioides and a one- to two-lay- should be investigated further in the context o

ered one in those of B. aesti\osa\ in contrast,

Raghaven and Srinivasan (1940) did not observe

endosperm in the mature seeds of Bergia capen-

phylogenetic studies of the group. Melastomata-

ceae deviate from all other families of Myrtal^^

in the characteristics of their anthers. Penaeaceae

and Onagraceae, although the latter are muc

Despite the difference in persistence of endo- more generalized than the former in their^^'

sperm, on the basis of embryological features bryological characteristics, are both relative)

alone we would suggest that Elatinaceae might specialized in their loss of antipodal cells. Thre<^

SIS.

Myrtales small families of Myrtales that otherwise see

Olini^*sifications of Takhtajan (1980) and Cronquist not to be directly related to one another

(1981) regard Elatinaceae as having a close re- ceae, Punicaceae (included by Dahlgf^"

lalionship with Clusiaceae-Hypericoideae. Em- Thorne, 1983, in Lythraceae), and Trapaceae

bryologically, Hypericoideae differ markedly
from Elatinaceae in having tenuinucellate ovules
and an endothelium, and we suggest that this

relationship suggested by Takhtajan and Cron-
quist is probably incorrect.

Elaeagnaceae have been studied very inade-

quately from an embryological point of view.
Not enough information is available, particularly

concerning the integuments, to evaluate properly

the possibility of a relationship between the

Elaeagnaceae and Myrtales on that basis. Avail-

able information indicates that Elaeagnaceae

red
share with one another a thick, multi-laye

outer integument. Students who have recen )

considered the evolution of integuments, ^Pj^

cially Bouman and his colleagues, have genera

considered that the evolutionary trend in the

teguments of angiosperms proceeds from a tn

to a thin integument (see Boesewinkel, 198*

this relationship is accepted, then it wouW

assumed that Oliniaceae, Punicaceae, and

paccae may retain the primitive integum^^^

condition for Myrtales. In that case, ^^^^^^^^^

although they might still legitimately be f^g^
, .

share the following embryological features with as belonging in Lythraceae, might be \\c^'^*
Myrtales, however: glandular anther tapetum; a distinctive, archaic offshoot within that fa"^*-
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Trapaceae are more distinctive in their embryol- Myrtales
ogy than any other family of Myrtales and differ cause of their possession of many common fea-

more from the core Myrtales in their embryo- tures (Dahlgren & Thorne, 1983). Dahlgrcn and
logical features than do Elatinaceae.

Future Directions for Research

Thorne (1983) indicated a few gross embryolog-

ical features of these families including the fact

that in Chrysobalanaceae the ripe seeds are ex-

albuminous, and in Coridaceae, the ovules are
More embryological information about Myr- bitegmic and tenuinucellate. As regards Rhizo-

tales should prove useful in elucidating further phoraceae, embryological evidence suggests a
the relationships of the families of the order in considerable degree of heterogeneity, which ac-
the future, and in turn in evaluating the rela- cords with the conclusions of Dahlgren and
tionships of this order to other groups of angio- Thome (1983) and others about the basic het-
sperms. Even though the available embryologi- erogeneity of the family. Detailed information
cal evidence has allowed a clear circumscription about the embryology of the constituent parts of
ofMyrtales on embryological grounds alone, our Rhizophoraceae sens. lat. would no doubt con-
compansons of many taxa are based on incom- tribute in an important manner to the resolution
plete information. It is particularly critical that of the problem of relationships of Rhizophora-
no information at all has been available on a ceae and the proper constituency of this family.

Myrtales A few comments on the references we con-
such as: Alzatea, Axinandra, Crypteronia, Dae- suited during the course of preparation of this

^locladus, and Rhynchocalyx, one, several, or paper are now appropriate. Most of these refer-

01 which may constitute Crypteroniaceae (Van ences were incomplete, even though the respec-

Dcusekom-Osinga & Van Beusekom, 1975; van tive authors might have drawn a great deal more

1975; Cronquist,

Muller, from the materials that they had available at the

_ , _ , „ „ Thome, timethey conducted their studies. Traditionally,
^o3). It is likewise unfortunate that no infor- embryological studies have been directed much
ation has been available on Strephonema, a more closely to the development of the game-

^ery distinctive genus in Combretaceae (Dahl- tophyte than to other features of great systematic
gr-en & Thome, 1983). Only a little information interest such as the development of the nuccllus
"s available on Hetewpyxis and Psiloxylon, gen- and that of the integuments. As mentioned above,

f!l^K^^^^^^^^^^^S^'**^^^^^^^"stituting distinct very few studies refer to the thickness of the in-

^j^^^^ teguments except in descriptions of the structure
Pending upon one's point of view (Schmid, 1980). of seed coats. Despite this, a proper undcrstand-

Jik"
^^^^^'^ ^'^ ^f ^hese genera clearly belong ing of the thickness of the integuments seems

clearly to be of some value as an indicator of

Myrtaceae

Myrtales
^Oology has the potential of contributing much affinity and phylogenetic advancement of rc-

our overall understanding of the elements spective groups. The thickness of secondarily
^'thin this order. amplified integuments seems to be of less interest

^

^n addition, Oliniaceae, Penaeaceae, and Puni- as a systematic characteristic than is the original

^ceae are poorly known embryolog'ically, and thickness as the integuments are initiated and
ore 'nformation is necessary for a proper eval- starting to grow. The thickness of mature integ-

Jt'on of their status and relationships. Even umcnts is directly related to the structure of the

mature seed coats, which may be highly diverse

even within a single genus or a group of related

genera; e.g., "Eucalyptus"' (Gauba &. Pryor, 1958,

1959, 1961). More information about the thick-

ness of the integuments and their structure before

le\ el

7'^^^^^^^ and Myrtaceae, for which the

of ^.-
'^"owledge from an embryological point

^Pect^rr^^
estimated as only 3% and 9% re-

^'nce h
^' ^^'^^^^ b^ studied more extensively,

order
^ ^^^ ^^^ ^^° \?iT%Qsx families of the

tribiit'

^" ^^^'"'"ation of their embryological at-
"^''s IS critical.

*ilhin°"^
^^^ groups that have been included

Uile^j
^^ ?'^ ^° ^ related to Myrtales, no de-

concej"^ '^^'^Sical information is available

rhr\ '"f
^^rysobalanaceae and Coridaceae.

aianaceae are sometimes considered to

seed

coat formation will probably prove to have con-

siderable significance for systematic compari-

sons. In this connection, Bouman (1971, p. 175)

stated that" gl>

teguments (such as those of Juglandaccac and

Liliiflorae) originate by means of different on-
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togenetic processes" and that "characters de-

rived from the structure of mature seed coats are

Symposium on Comparative Embryology of An-

giosperms. Bull. Indian Natl. Sci. Acad. 41: 226-

229,
of doubtful taxonomic significance at and above

g^^^^^ r" 1905 q„ ^^e development of the pollen

the family level, unless they are amphfied by grain and anther of some Onagraceae. Beih. Bot.

developmental studies." Webelieve that integ- CentralbL 19: 286-313.

umentary studies combined with those of his- Beusekom-Osinga,R.J.Van&C.F.Beusekom. 1975.

,,,,. ^j *'i* Delimitation and subdivision of the Crypterom-

1

togenesis should be mcorporated routinely mto \x7\.i^^^ ->-* ->«« -^/c^
^,

t - t J- -It, - .
aceae (Myrtales). Blumea 22: 255-266.

embryological studies, particularly those mtend- Boesewinkel, F. D. 1 98 1 . Development of ovule and

seed coat in the Rutales-Geraniales assembly. Docl.

dissertation, Univ. Amsterdam.
Bonnet, J. 1912. Recherches sur revolution

des cellules-nourricieres du oollen, chez les Angio-

ed to have systematic application.

Many embryological studies are devoted to ab-

normal or exceptional cases, and there is less

attention generally given to those characteristic
spermes. Arch. Zellf 7: 604-722.

features for particular groups that may have much Bouman, F. 1971. The application of tegumentary

greater taxonomic importance. In many refer-

ences, it is difficult or impossible to determine

which was the characteristic state for the taxon

being investigated. Thus, the archesporium may
be described as one- to three-celled or as one-

celled but occasionally multi-celled, but without

any explanation as to which was the character- ment. Acta Bot. Net

istic state for that taxon. Exact statements about ^^^^Y^^^^^
^*- ^'..^^^ '^

studies to taxonomic and phylogenetic problems

Ber. Deutsch. Bot. Ges. 84: 169-177.

1977. Integumentary shifting-a third way

to unitegmy. Ber. Deutsch. Bot. Ges. 90: 15-28.

—ifeS. ScHiER. 1979. Ovule ontogeny and seed

coat development in Gentiana, with a discussion

on the evolutionary origin of the single integu-

ment. Acta Bot. Neerl. 28: 467-478.

The distribution and phy-

the proportions in which these different states

were represented will be important for a proper

evaluation of embryological reports and for pro-

moting their utility in the future. Similar obser-

vations could be applied to reports of the char-

acteristics of megaspore tetrads, functional

megaspores, the number of nuclei in tapetal cells,

and of microspore tetrads. Thus we would con-

clude that embryological studies should be more
extensive in respect of the features that they con-

sider and report, and more precise in terms of
the way in which they handle anomalous or ex-

ceptional situations encountered.

In conclusion, embryological features afford a
sound basis for the delineation of Myrtales. There
are, however, many gaps to be filled in our
knowledge of the taxa that clearly belong within

this order, and other taxa that may or may not
be directly related to it. A careful choice of the

characters to be examined and critical descrip-

tions of these characteristics will assist greatly in

our ongoing evaluation of relationships within
Myrtales and allied groups.
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